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(57) ABSTRACT

Provided is a fluorescence observation device including: a
processor configured to: extract, as a candidate region of
interest, a region in a corrected fluorescence image that has a
gradation value larger than a gradation-value threshold, the
gradation-value threshold being set based on an average of
gradiation values, a standard deviation, a first coefficient, and
a second coefficient; receive a result, inputted by an observer,
as to whether a candidate region of interest displayed on a
display is a result of right indicating a determination by the
observer that the candidate region of interest is a region of
interest or a result of wrong indicating a determination by the
observer that the candidate region of interest is not a region of
interest; and set at least one of the first coefficient and the
second coefficient so as to reflect the result inputted by the
observer.
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FIG. 8

No. [AVE_Y (b0)| 0.9 x AVE_Y (b0) |AVE_N(bO0) | NEW b
1 — — 1.5 1.5
2 2. 38 2.14 1.5 1.5
3 2.29 2.06 1.5 1.5
4 2.19 197 1.5 1.5
5 2.19 1.97 1.6 1.6
6 2.19 1.97 1.73 1.73
1 2.21 2.04 1.73 1.73
8 2.21 2.04 1.82 1.82
9 2.24 2.02 1.82 1.82
10 2.24 2.02 1.85 1.85
11 2.24 2.02 2.07 2.07
12 2.22 2 2.07 2
13 2.22 2 2.08 2.08
14 2.2 1.98 2.08 1.98
15 2.18 1.96 2.08 1.96
16 2.17 1.95 2.08 1.95
17 2.17 1.95 2.07 2.07
18 2.18 1.96 2.07 1.96
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1
FLUORESCENCE OBSERVATION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation of International Application PCT/
JP2012/068586, with an international filing date of Jul. 23,
2012, which is hereby incorporated by reference herein in its
entirety. This application claims the benefit of Japanese
Patent Application No. 2011-196217, the content of which is
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a fluorescence observation
device.

BACKGROUND ART

There are conventionally known fluorescence observation
devices that acquire a reflected-light image and a fluorescence
image of an observation target and divide the fluorescence
image by the reflected-light image, thereby correcting varia-
tions in the brightness of the fluorescence image, which
depend on the observation distance and the observation angle
(for example, see PTLs 1, 2, and 3).

CITATION LIST
Patent Literature

{PTL 1}

Japanese Unexamined Patent Application, Publication No.
Sho 62-247332
{PTL 2}

Japanese Examined Patent Application, Publication No.
Hei 3-58729
{PTL 3}

Japanese Unexamined Patent Application, Publication No.
2006-175052

SUMMARY OF INVENTION
Technical Problem

The present invention is to provide a fluorescence obser-
vation device capable of reducing correction errors with
respect to the influence of the observation distance and the
observation angle and acquiring quantitative information of
an object.

Solution to Problem

According to one aspect, the present invention provides a
fluorescence observation device including: an illumination
section that radiates excitation light and reference light onto
an object; a fluorescence-image acquisition part that acquires
a fluorescence image by capturing fluorescence produced in
the object that has been irradiated with the excitation light
from the illumination section; a reference-image acquisition
part that acquires a reference image by capturing return light
returning from the object that has been irradiated with the
reference light from the illumination section; a corrected-
fluorescence-image generation part that corrects the fluores-
cence image acquired by the fluorescence-image acquisition
part by using the reference image acquired by the reference-
image acquisition part, thus generating a corrected fluores-
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2

cence image; a threshold setting part that sets a gradation-
value threshold based on an average of gradation values of the
entire corrected fluorescence image generated by the cor-
rected-fluorescence-image generation part, a standard devia-
tion of the gradation values, a first coefficient related to
weighting of the average of the gradation values of the entire
corrected fluorescence image, and a second coefficient
related to weighting of the standard deviation of the gradation
values; an extraction part that determines and extracts, as a
region of interest, a region in the corrected fluorescence
image that has a gradation value larger than the gradation-
value threshold set by the threshold setting part; a display
section that displays the region of interest extracted by the
extraction part and the reference image in association with
each other; and a right/wrong input section through which an
observer inputs a result as to whether the determination of the
region of interest displayed on the display section, made by
the extraction part, is right or wrong, in which the threshold
setting part sets at least one of the first coefficient and the
second coefficient so as to reflect the input result input
through the right/wrong input section.

According to the above-described aspect, when the excita-
tion light emitted from the illumination section is radiated
onto the object, the fluorescence-image acquisition part
acquires a fluorescence image of fluorescence produced in the
object. When the reference light emitted, together with the
excitation light, from the illumination section is radiated onto
the object, the reference-image acquisition part acquires a
reference image of return light thereof. Then, the corrected-
fluorescence-image generation part corrects the fluorescence
image ofthe identical object with the reference image thereof,
thereby generating a corrected fluorescence image in which
the fluorescence intensity change that depends on the obser-
vation distance and the observation angle has been reduced.

When the display section displays a region that has a gra-
dation value exceeding the gradation-value threshold, which
is determined and extracted as a region of interest from the
generated corrected fluorescence image by the extraction
part, in association with the reference image.

In this state, when the observer viewing the displayed
image inputs, through the right/wrong input section, a result
indicating that the determination of the region of interest
made by the extraction part is right or wrong, the threshold
setting part sets at least one of the first coefficient and the
second coefficient so as to reflect that input result. Then, a
new gradation-value threshold is set based on the average of
gradation values of the entire corrected fluorescence image,
the standard deviation of the gradation values thereof, and the
set at least one of the first coefficient and the second coeffi-
cient.

In the above-described aspect, the corrected-fluorescence-
image generation part may divide the fluorescence image by
the reference image.

In the above-described aspect, the threshold setting part
may set one of the first coefficient and the second coefficient
to a fixed value and may maintain or reduce the other coeffi-
cient when a result indicating that the determination is right is
input through the right/wrong input section.

If the observer inputs a result indicating that the determi-
nation of the region of interest made by the extraction part is
right, when the difference between the gradation value of the
region of interest and the gradation-value threshold is signifi-
cantly large, that gradation-value threshold is appropriate.
Therefore, in this case, by fixing one of the first coefficient
and the second coefficient and maintaining the other coeffi-
cient, specifically, by maintaining the gradation-value thresh-
old, there is a high possibility that a necessary region of
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interest will be extracted without being overlooked, in the
next round of region-of-interest extraction, as well.

On the other hand, when the difference between the gra-
dation value of the region of interest and the gradation-value
threshold is small, there is a possibility that it will be deter-
mined that a region having a gradation value lower than that
gradation-value threshold should be extracted as a region of
interest, in subsequent rounds of extraction. Therefore, in this
case, by fixing one of the first coefficient and the second
coefficient and reducing the other coefficient to reduce the
gradation-value threshold, it is possible to extract a region
having a gradation value lower than the current gradation-
value threshold as a region of interest, at the next round of
region-of-interest extraction.

In the above-described aspect, the threshold setting part
may maintain the other coefficient when the gradation value
of the region of interest is larger than an upper gradation-
value threshold that is higher than the gradation-value thresh-
old by a predetermined rate and may reduce the other coeffi-
cient when the gradation value of the region of interest is
lower than the upper gradation-value threshold.

In the above-described aspect, the threshold setting part
may set one of the first coefficient and the second coefficient
to a fixed value and may increase the other coefficient when a
result indicating that the determination is wrong is input
through the right/wrong input section.

If the observer inputs a result indicating that the determi-
nation of the region of interest made by the extraction part is
wrong, there is a low possibility that it will be determined that
a region having a gradation value smaller than the gradation-
value threshold that was used to extract that region of interest
should be extracted as a region of interest in subsequent
rounds of extraction, as well. In this case, by fixing one of the
first coefficient and the second coefficient and increasing the
other coefficient to increase the gradation-value threshold.

In the above-described aspect, the threshold setting part
may calculate the gradation-value threshold by the following
equation:

SO0=axm+bxo

where

S0 indicates the gradation-value threshold,

a indicates the first coefficient,

b indicates the second coefficient,

m indicates the average of the gradation values of the entire
corrected fluorescence image, and

o indicates the standard deviation of the gradation values
of the entire corrected fluorescence image.

In the above-described aspect, the extraction part may cal-
culate an average of gradation values of the extracted region,
and the threshold setting part may calculate a third coefficient
based on the average of the gradation values of the extracted
region; a storage part that stores, when the region of interest is
extracted by the extraction part and when a determination of
the region of interest made by the observer is input through
the input section, the determination result and the third coef-
ficient in association with each other may be provided; and,
when a result indicating that the determination of a new
region of interest is right is input through the right/wrong
input section, the threshold setting part may set, as a new first
coefficient, the smaller of the current first coefficient and a
lower coefficient that is lower, by a predetermined rate, than
an average value of previous third coefficients stored in the
storage part in association with the input determination result.

In the above-described aspect, the extraction part may cal-
culate an average of gradation values of the extracted region,
and the threshold setting part may calculate a third coefficient
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based on the average of the gradation values of the extracted
region; a storage part that stores, when the region of interest is
extracted by the extraction part and when a determination of
the region of interest made by the observer is input through
the input section, the determination result and the third coef-
ficient in association with each other may be provided; and,
when a result indicating that the determination of a new
region of interest is right is input through the right/wrong
input section, the threshold setting part may set, as a new
second coefficient, the smaller of the current second coeffi-
cient and a lower coefficient that is lower, by a predetermined
rate, than an average value of previous third coefficients
stored in the storage part in association with the input deter-
mination result.

In the above-described aspect, the extraction part may cal-
culate an average of gradation values of the extracted region,
and the threshold setting part may calculate a third coefficient
based on the average of the gradation values of the extracted
region; a storage part that stores, when the region of interest is
extracted by the extraction part and when a determination of
the region of interest made by the observer is input through
the input section, the determination result and the third coef-
ficient in association with each other may be provided; and,
when a result indicating that the determination of a new
region of interest is right is input through the right/wrong
input section, the threshold setting part may calculate a stan-
dard deviation of the previous third coefficients stored in the
storage part in association with the input determination result
and may set, as a new first coefficient, the smaller of the
current first coefficient and a lower coefficient that is obtained
by subtracting the calculated standard deviation of the third
coefficients from an average value of the previous third coef-
ficients stored in the storage part.

In the above-described aspect, the extraction part may cal-
culate an average of gradation values of the extracted region,
and the threshold setting part may calculate a third coefficient
based on the average of the gradation values of the extracted
region; a storage part that stores, when the region of interest is
extracted by the extraction part and when a determination of
the region of interest made by the observer is input through
the input section, the determination result and the third coef-
ficient in association with each other may be provided; and,
when a result indicating that the determination of a new
region of interest is right is input through the right/wrong
input section, the threshold setting part may calculate a stan-
dard deviation of the previous third coefficients stored in the
storage part in association with the input determination result
and may set, as a new second coeflicient, the smaller of the
current second coefficient and a lower coefficient that is
obtained by subtracting the calculated standard deviation of
the third coefficients from an average value of the previous
third coefficients stored in the storage part.

Inthe above-described aspect, when a result indicating that
the determination made by the extraction part is wrong is
input through the right/wrong input section, the threshold
setting part may set, as a new first coefficient, the average
value of the previous third coefficients stored in the storage
part in association with the input determination result.

Inthe above-described aspect, when a result indicating that
the determination made by the extraction part is wrong is
input through the right/wrong input section, the threshold
setting part may set, as a new second coefficient, the average
value of the previous third coefficients stored in the storage
part in association with the input determination result.
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In the above-described aspect, the threshold setting part
may calculate the third coefficient by the following equation:

a0=(m0-bxo)/m

where

al indicates the third coefficient,

m0 indicates the average of the gradation values of the
extracted region, b indicates the second coefficient,

o indicates the standard deviation of the gradation values
of the entire corrected fluorescence image, and

m indicates the average of the gradation values of the entire
corrected fluorescence image.

In the above-described aspect, the threshold setting part
may calculate the third coefficient by the following equation:

bO=(m0-axm)/c

where

b0 indicates the third coefficient,

m0 indicates the average of the gradation values of the
extracted region, a indicates the first coefficient,

m indicates the average of the gradation values of the entire
corrected fluorescence image, and o indicates the standard
deviation of the gradation values of the entire corrected fluo-
rescence image.

In the above-described aspect, the display section may
display the region of interest and the reference-light image in
a superimposed manner.

In the above-described aspect, the extraction part may
extract, as the region of interest, a region whose pixel count is
larger than a pixel count threshold among regions that have
gradation values exceeding the gradation-value threshold.

In the above-described aspect, a storing part that stores the
gradation value of the region of interest and information
about a previous determination result in association with each
other may be further included, and the display section may
read, for each region of interest, information about the previ-
ous determination result associated with the gradation value
of'that region of interest from the storing part and may display
the information.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a configuration diagram showing, in outline, a
fluorescence observation device according to a first embodi-
ment of the present invention.

FIG. 2 is a flowchart for explaining setting of a threshold.

FIG. 3 is a flowchart for explaining setting of a coefficient
for a standard deviation.

FIG. 4 is a view showing an example superimposed image
and an example selection message for urging an observer to
determine whether extraction performed by an extraction part
is right, which are displayed on a monitor of the fluorescence
observation device shown in FIG. 1.

FIG. 5 is a flowchart for explaining setting of a coefficient
for a standard deviation used in a fluorescence observation
device according to a modification of the first embodiment of
the present invention.

FIG. 6 is a configuration diagram showing, in outline, a
fluorescence observation device according to a second
embodiment of the present invention.

FIG. 7 is a diagram for explaining data stored in a storing
part of the fluorescence observation device shown in FIG. 6.

FIG. 8 is a diagram showing a change in a coefficient set by
the fluorescence observation device according to the second
embodiment of the present invention.

10

15

20

25

30

35

40

45

50

55

60

65

6
DESCRIPTION OF EMBODIMENTS

First Embodiment

A fluorescence observation device according to a first
embodiment of the present invention will be described below
with reference to the drawings.

As shown in FIG. 1, a fluorescence observation device 100
according to this embodiment includes an elongated insertion
portion 2 that is to be inserted into a body, a light source
(illumination section) 10 that emits excitation light and illu-
mination light, an illumination unit (illumination section) 20
that radiates the excitation light and the illumination light
emitted from the light source 10 onto an object F from a distal
end 2a of'the insertion portion 2, an image acquisition unit 30
that is located in a distal end portion of the insertion portion 2
and that acquires image information of living tissue, which is
the object F, an image processing section 40 that processes the
image information acquired by the image acquisition unit 30,
a monitor (display section) 50 that displays an image pro-
cessed by the image processing section 40, and an input
section (right/wrong input section) 53 through which an
observer performs input.

The light source 10 includes a xenon lamp 11 that emits
illumination light, an excitation light filter 13 that cuts out
excitation light and white light (reference light) from the light
emitted from the xenon lamp 11, and a coupling lens 15 that
converges the excitation light and the white light cut out by
the excitation light filter 13. The excitation light filter 13 cuts
out excitation light and white light in a wavelength band from
400 to 740 nm, for example.

The illumination unit 20 includes a light guide fiber 21 that
is located over the entire length of the insertion portion 2 in
the longitudinal direction and an illumination optical system
23 that is located at the distal end 2a of the insertion portion
2.

The light guide fiber 21 guides the excitation light and the
white light converged by the coupling lens 15 to the distal end
2a of the insertion portion 2.

The illumination optical system 23 spreads out the excita-
tion light and the white light guided by the light guide fiber 21
to radiate them onto the object F.

The image acquisition unit 30 includes an objective lens 31
that collects return light returning from the object F onto
which the excitation light and the white light have been radi-
ated by the illumination unit 20 and a dichroic mirror 33 that
splits the return light collected by the objective lens 31 into
the respective wavelengths.

The objective lens 31 is located at the distal end 2a of the
insertion portion 2 in parallel with the illumination optical
system 23.

Of the return light, the dichroic mirror 33 reflects light
having an excitation wavelength or longer (excitation light
and fluorescence) and transmits white light (return light) hav-
ing a wavelength shorter than the excitation wavelength.

The image acquisition unit 30 includes an excitation-light
cut filter 35 that cuts off excitation light and transmits only
fluorescence (for example, near-infrared fluorescence), of the
excitation light and the fluorescence reflected in the dichroic
mirror 33; a focusing lens 37A that focuses the fluorescence
transmitted through the excitation-light cut filter 35; a fluo-
rescence capturing part 38 that captures the fluorescence
focused by the focusing lens 37A; a focusing lens 37B that
focuses the white light transmitted through the dichroic mir-
ror 33; and a white-light capturing part 39 that captures the
white light focused by the focusing lens 37B.

The excitation-light cut filter 35 transmits only fluores-
cence in a wavelength band from 760 to 850 nm, for example.
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The fluorescence capturing part 38 is, for example, a
highly-sensitive monochrome CCD for fluorescence. The
fluorescence capturing part 38 acquires fluorescence image
information by capturing fluorescence.

The white-light capturing part 39 is, for example, a color
CCD for white light and includes a mosaic filter (not shown).
The white-light capturing part 39 acquires white-light image
information by capturing white light.

The image processing section 40 includes a fluorescence-
image generation part (fluorescence-image acquisition part)
41 that generates a fluorescence image G1 from the fluores-
cence image information acquired by the fluorescence cap-
turing part 38; a white-light-image generation part (refer-
ence-image acquisition part) 42 that generates a white-light
image G2 from the white-light image information acquired
by the white-light capturing part 39; an image correction part
(corrected-fluorescence-image generation part) 43 that cor-
rects the fluorescence image G1 with the white-light image
(G2 to generate a corrected fluorescence image G3; a thresh-
old setting part 45 that sets a threshold (gradation-value
threshold) SO for a gradation value in the corrected fluores-
cence image G3; an extraction part 47 that extracts, from the
corrected fluorescence image G3, a region having a gradation
value equal to or larger than the threshold SO set by the
threshold setting part 45, as a region of interest; and an image
compositing part 49 that generates a superimposed image G4
by superimposing the region of interest extracted by the
extraction part 47 on the white-light image G2.

The image correction part 43 divides the fluorescence
image G1 of the identical object F by the white-light image
G2 thereof, thereby correcting the fluorescence image G1.
Thus, the corrected fluorescence image G3, in which the
fluorescence intensity change that depends on the observation
distance and the observation angle in the fluorescence image
(1 has been reduced, is generated. The image correction part
43 sends the generated corrected fluorescence image G3 to
the extraction part 47 and the threshold setting part 45 and
also sends the white-light image G2 and the corrected fluo-
rescence image G3 to the image compositing part 49 via the
extraction part 47.

The extraction part 47 measures the area (pixel count) P of
the extracted region, and, if the area P has a certain size or
larger, specifically, if the area P is larger than a predetermined
pixel count threshold P0, determines the region to be a region
of interest. The extraction of a region of interest that has a
gradation value equal to or larger than the threshold S0 and
that has a pixel count larger than the pixel count threshold P0
may be performed by either of the following methods: a
method in which a region having a larger pixel count is
extracted from regions first extracted based on the gradation
value, and a method in which a region having a larger grada-
tion value is extracted from regions first extracted based on
the pixel count.

The extraction part 47 sends information about the
extracted region of interest to the threshold setting part 45 and
the image compositing part 49. The extraction part 47 calcu-
lates the average of gradation values of pixels in the extracted
region of interest (hereinafter referred to as “the average
gradation value of the region of interest”) m0 and sends it to
the threshold setting part 45.

The image compositing part 49 generates the superim-
posed image G4 by superimposing, on the white-light image
(2, the corrected fluorescence image G3 generated by the
image correction part 43, from which the background other
than the region of interest extracted by the extraction part 47
has been removed. The image compositing part 49 sends the
generated superimposed image G4 to the monitor 50.
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The monitor 50 displays the superimposed image G4 gen-
erated by the image compositing part 49. The monitor 50 also
displays a selection message for urging the observer, such as
a doctor, to input a determination as to whether the region of
interest, extracted by the extraction part 47, in the displayed
superimposed image G4 is the right region with a suspected
lesion. An example of the displayed selection message for
urging an input is, for example, “Does the region of interest
have a lesion (Y/N)?”.

The observer visually confirms the superimposed image
G4 displayed on the monitor 50, determines whether the
region of interest is a region with a suspected lesion, from
morphological characteristics, such as the shape and the
color, of an observed site displayed on the corrected fluores-
cence image G3 or from the size and the brightness of the
region of interest, and inputs a determination result through
the input section 53.

The input section 53 is, for example, a desired input device,
such as a keyboard or a mouse.

The determination result input by the observer through the
input section 53 is input to the threshold setting part 45.

The threshold setting part 45 calculates the average m of
gradation values of the pixels in the corrected fluorescence
image G3 (the average of gradation values in the entire cor-
rected fluorescence image G3; hereinafter referred to as “the
average gradation value of the entire corrected fluorescence
image (G3”) and a standard deviation o of gradation values of
the pixels in the corrected fluorescence image G3 (the stan-
dard deviation of the gradation values in the entire corrected
fluorescence image (G3; hereinafter referred to as “standard
deviation of the entire corrected fluorescence image G3”), by
using the following Equations (1) and (2).

Equation 1

ny Xmy + np Xy

®

n +ny

In Equation (1),

m, indicates the average of gradation values of pixels rep-
resenting the background;

m, indicates the average of gradation values of pixels rep-
resenting a lesion;

n, indicates the total number of the pixels representing the
background; and

n, indicates the total number of the pixels representing the
lesion.

Equation 2

o2 = (2) - m? @

2 2

n(x) +mxs)

=— 7 = 2 _m
ny +n2

2 2 2
B ny(oy +my) +n2(o'§ +m3) i

ny+nm

In Equation (2),

(x?) indicates the average of the squares of gradation values
of' the entire corrected fluorescence image G3;

(x,%) indicates the average of the squares of gradation
values of background;

(x,%) indicates the average of the squares of gradation
values of a lesion;
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0, indicates the standard deviation of gradation values of
pixels representing the background; and

0, indicates the standard deviation of gradation values of
pixels representing the lesion.

The threshold setting part 45 sets the threshold S0 based on
the sum of the average gradation value m and the standard
deviation o of the entire corrected fluorescence image G3, as
indicated by Equation (3).

SO0=axm+bxo

3

In Equation (3),

a indicates a coefficient (first coefficient); and

b indicates a coefficient (second coefficient).

The threshold setting part 45 sets the coefficient (first coet-
ficient) a and the coefficient (second coefficient) b so as to
reflect the input result input through the input section 53, thus
setting a new threshold S0.

Specifically, if the observer determines that “the region of
interest has a suspected lesion (Y)”, that is, “the threshold
used by the extraction part 47 to extract the region of interest
is right”, (hereinafter referred to as “Y determination”), the
threshold setting part 45 determines whether an average gra-
dation value m0 of the region of interest input from the
extraction part 47 falls below an upper threshold (upper gra-
dation-value threshold) that is higher than the threshold SO by
a predetermined rate.

Then, if the average gradation value m0 of the region of
interest falls below the upper threshold, the threshold setting
part 45 reduces the values of the coefficients a and b, and, if
the average gradation value m0 of the region of interest
exceeds the upper threshold, the threshold setting part 45
maintains the values of the coefficients a and b.

In this embodiment, it is assumed that the coefficient a is
fixed to 1, and the coefficient b is updated as needed, in the
following description.

For example, the upper threshold is set to the value
obtained by 1.1xS0.

When m0<1.1xS0 is established, the coefficient b is
updated to the value obtained by 0.9xb.

When m0=1.1xS0 is established, the value of the coeffi-
cient b is maintained.

On the other hand, if the observer determines that “the
region of interest does not have a suspected lesion (N)”, that
is, “the threshold S0 used by the extraction part 47 to extract
the region of interest is wrong”, (hereinafter referred to as “N
determination”), the threshold setting part 45 increases the
value of the coefficient b.

For example, the coefficient b is updated to the value
obtained by 1.1xb.

The threshold S0 set by the threshold setting part 45 is input
to the extraction part 47 and is set in the extraction part 47 as
a new threshold S0. Thus, when a new corrected fluorescence
image 3 is generated, a region of interest is extracted by
using the new threshold S0. While repeating a similar proce-
dure, the threshold setting part 45 sets a threshold S0 for each
corrected fluorescence image G3.

The advantageous effect of the thus-configured fluores-
cence observation device 100 of this embodiment will now be
described.

Inorderto observe living tissue, which is the object F, in the
body of a patient by using the fluorescence observation device
100 of this embodiment, the insertion portion 2 is inserted
into the body of the patient so that the distal end 2a thereof
opposes the object F. Then, the light source 10 is actuated to
emit excitation light and illumination light, and the coupling
lens 15 makes the excitation light and illumination light enter
the light guide fiber 21. The excitation light and the illumi-
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nation light guided by the light guide fiber 21 and reaching the
distal end 2a of the insertion portion 2 are spread out by the
illumination optical system 23 and are radiated onto the
object F.

A fluorescent substance contained in the object F is excited
by the excitation light to produce fluorescence, and the white
light and part of the excitation light are reflected on the
surface of the object F. These fluorescence, white light, and
excitation light return to the distal end 2a of the insertion
portion 2 from the object F and are partially collected by the
objective lens 31.

The fluorescence, the white light, and the excitation light
collected by the objective lens 31 are split into the respective
wavelengths by the dichroic mirror 33. Specifically, at the
dichroic mirror 33, the excitation light and the fluorescence,
which have excitation wavelengths or longer, are reflected,
and the white light, which has a wavelength shorter than the
excitation wavelength, is transmitted.

Of the excitation light and the fluorescence reflected at the
dichroic mirror 33, the excitation light is cut by the excitation-
light cut filter 35, and only the fluorescence is focused by the
focusing lens 37A and is captured by the fluorescence cap-
turing part 38. Thus, the fluorescence capturing part 38
acquires fluorescence image information of the object F.

The white light transmitted through the dichroic mirror 33
is focused by the focusing lens 37B and is captured by the
white-light capturing part 39. Thus, the white-light capturing
part 39 acquires white-light image information of the object
F.

The fluorescence image information and the white-light
image information may be acquired in any order or may be
acquired at the same time.

The fluorescence image information acquired by the fluo-
rescence capturing part 38 and the white-light image infor-
mation acquired by the white-light capturing part 39 are sent
to the image processing section 40. In the image processing
section 40, the fluorescence image information is input to the
fluorescence-image generation part 41 where a fluorescence
image (i1 is generated, and the white-light image information
is input to the white-light-image generation part 42 where a
white-light image G2 is generated.

The fluorescence image G1 generated by the fluorescence-
image generation part 41 and the white-light image G2 gen-
erated by the white-light-image generation part 42 are sent to
the image correction part 43, and a corrected fluorescence
image G3 is generated therein by dividing the fluorescence
image G1 by the white-light image G2. The generated cor-
rected fluorescence image G3 is sent from the image correc-
tion part 43 to the extraction part 47 and the threshold setting
part 45. The white-light image G2 and the corrected fluores-
cence image G3 are sent from the image correction part 43 to
the image compositing part 49 via the extraction part 47.

Threshold setting performed by the threshold setting part
45 will be described below with reference to a flowchart
shown in FIG. 2.

Upon receiving the corrected fluorescence image G3 sent
from the image correction part 43 (Step SA1), the threshold
setting part 45 calculates the average gradation value m and
the standard deviation o of the entire corrected fluorescence
image G3 (Step SA2).

Then, a threshold S0 is calculated with Equation (3) by
using the calculated average gradation value m and standard
deviation o of the entire corrected fluorescence image G3 and
is set by the threshold setting part 45 (Step SA3). The set
threshold S0 is input to the extraction part 47.

In this embodiment, the coefficient a in Equation (3) is set
to 1 in advance. The coefficient b in Equation (3) for a first
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corrected fluorescence image G3 is set to 1, and the coeffi-
cient b in Equation (3) for second and subsequent corrected
fluorescence images G3 is updated as needed, as indicated by
a flowchart shown in FIG. 3.

First, the extraction part 47 extracts, from the corrected
fluorescence image G3, a region that has a gradation value
equal to or larger than a first threshold SO (Step SB1).

The extraction part 47 measures the area (pixel count) P of
the extracted region (Step SB2) and determines whether the
area P is larger than the threshold PO (Step SB3).

If the area P is equal to or smaller than the threshold P0
(Step SB3 “NO”), the flow returns to Step SB1. Thus, it is
possible to prevent a situation in which a region (noise etc.)
whose gradation value is high but whose area is small is
extracted as a region of interest. Therefore, it is possible to
suppress false extraction caused by noise, thus efficiently
extracting a region of interest.

On the other hand, if the area P is larger than the threshold
PO (Step SB3 “YES”), the extraction part 47 determines the
extracted region to be a region of interest and sends informa-
tion about the region of interest to the threshold setting part 45
and the image compositing part 49. The extraction part 47
calculates the average gradation value m0 of the region of
interest and sends it to the threshold setting part 45 (Step
SB4).

Next, the image compositing part 49 superimposes, on the
white-light image G2, the corrected fluorescence image G3
from which the background other than the region of interest
has been removed (Step SBS), thus generating a superim-
posed image G4. Then, the superimposed image G4 is sent to
the monitor 50, and the superimposed image G4 and a selec-
tion message for urging the observer to perform input are
simultaneously displayed on the monitor 50, as shown in FIG.
4.

When the region of interest and the white-light image G2
are superimposed and displayed on the monitor 50, the
observer can grasp the correspondence relationship between
the region of interest and the white-light image G2 at a glance
and can observe not only the region of interest but also an area
around the region of interest. Therefore, the observer can
acquire more detailed information and can more accurately
determine whether the determination result given by the
extraction part 47 is right.

While observing the superimposed image G4 displayed on
the monitor 50, the observer determines whether the dis-
played region of interest has a suspected lesion and inputs a
determination result to the input section 53 (Step SB6). In
short, whether determination result of the region of interest
extracted by the extraction part 47 was right or not is con-
firmed by the observer’s input. Then, the determination result
input through the input section 53 is input to the threshold
setting part 45.

When the determination result given by the observer is
input through the input section 53, the threshold setting part
45 updates the coefficient b so as to reflect this input result.

Specifically, if the determination input to the input section
53 is a Y determination (Step SB7 “YES”), the threshold
setting part 45 determines whether m0<1.1xS0 is established,
by using the average gradation value m0 of the region of
interest and the upper threshold (1.1xS0), which is higher
than the current threshold S0 by the predetermined rate (Step
SBS).

It m0<1.1xS0 is established, the threshold setting part 45
updates the coefficient b to the value obtained by 0.9xb (Step
SB9) and sets it as a new coefficient b (Step SB11).

When the difference between the average gradation value
m0 of the region of interest and the threshold S0 is small, there
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is a possibility that a region having a gradation value smaller
than the threshold S0 should be extracted as a region of
interest, in subsequent rounds of extraction. Therefore, if
m0<1.1xS0 is established, the coefficient b is reduced to
reduce the threshold S0, thereby making it possible to extract
a region having a gradation value smaller than the current
threshold S0 as a region of interest in the next round of
region-of-interest extraction, which prevents a necessary
region of interest from being overlooked.

In other words, because the region of interest extracted
based on the high threshold S0 that has not been updated has
a suspected lesion, by reducing the threshold S0, it is possible
to extract a region with a suspected lesion that has an even
smaller gradation value, in the next round of extraction per-
formed by the extraction part 47, and to improve the accuracy
of diagnosis by preventing an oversight.

If m0=1.1xS0 is established, the threshold setting part 45
maintains the value of the coefficient b as it is (Step SB11).

When the difference between the average gradation value
m0 ofthe region of interest and the threshold S0 is sufficiently
large, there is a high possibility that the threshold S0 is appro-
priate, and a necessary region of interest will be extracted,
without being overlooked, in the next round of region-of-
interest extraction, as well.

In this way, by setting the upper threshold (in this embodi-
ment, 1.1xS0), the coefficient b can be maintained or reduced
within the range of a predetermined rate (in this embodiment,
0.1) for the threshold S0, according to the circumstances.
Therefore, the predetermined rate for the threshold S0, by
which the upper threshold is set, is selected appropriately,
thereby making it possible to efficiently extract a region of
interest while preventing overlooking of a region of interest
for which observation is necessary.

On the other hand, if the determination input to the input
section 53 is an N determination (Step SB7 “NO”), the coef-
ficient b is updated to the value obtained by 1.1xb (Step
SB10), and the value is set as a new coefficient b (Step SB11).

There is a low possibility that a region having a gradation
value equal to or smaller than the threshold S0 used to extract
aregion of interest should be extracted as a region of interest,
in the next and subsequent rounds of extraction, as well. In
other words, because a region extracted based on the low
threshold SO that has not been updated has no suspected
lesion, by increasing the threshold S0, it is possible to avoid a
fruitless situation in which a region with no lesion is wrongly
extracted as a region of interest, in the next round of extraction
performed by the extraction part 23, thus allowing an efficient
diagnosis.

As described above, according to the fluorescence obser-
vation device 100 of this embodiment, the determination
result given by the observer is used to update, for each cor-
rected fluorescence image G3, the coefficient b for the stan-
dard deviation o, which is used to determine the threshold SO
for extracting a region of interest, and the threshold S0 is set
for each corrected fluorescence image G3. Thus, it is possible
to acquire quantitative information about the object, in which
errors in correcting the influence of the observation distance
and the observation angle have been reduced.

Here, the average gradation value m0 of the region of
interest is calculated by Equation (4).

mO=axm+b0xo

*
In Equation (4), b0 indicates a coefficient (third coefficient).

From Equation (4), the coefficient b0 is calculated by
Equation (5).

b0=(mO-axm)/c ®



US 9,417,188 B2

13

Therefore, in this embodiment, if the determination result
input through the input section 53 is aY determination, when
m0<1.1xS0 is established, the coefficient b is updated to the
value obtained by 0.9xb; however, instead of this, when
m0<1.1xS0 is established, the coefficient b may be updated
by using Equation (6). Specifically, as in Step SC8 in a flow-
chart shown in FIG. 5, the value obtained by 0.9xb0 is com-
pared with b, and the smaller value may be set as a new
coefficient.

MIN(0.9%50,b) (6)

In this embodiment, although a description has been given
of'an example case in which the coefficient a is set to 1, the
value of the coefficient a may be changed according to the
observation state. In this embodiment, the value of the coef-
ficient a is fixed, and the value of the coefficient b is updated;
however, by using a similar method, it is possible to adopt a
configuration in which the value of the coefficient a is
updated, and the value of the coefficient b is fixed, or a
configuration in which both the value of the coefficient a and
the value of the coefficient b are updated. In this embodiment,
although the threshold S0 is set based on the sum of the
average gradation value m and the standard deviation o of the
entire corrected fluorescence image G3, the threshold S0 may
be set by using one of the average gradation value m and the
standard deviation o of the entire corrected fluorescence
image G3.

Second Embodiment

Next, a fluorescence observation device according to a
second embodiment of the present invention will be
described.

As shown in FIG. 6, a fluorescence observation device 200
according to this embodiment differs from that of the first
embodiment in that the image processing section 40 includes
a storage part 55, and the threshold S0 is set according to the
average of previous coefficients a or b and the corresponding
determination input result.

In the following description, identical reference symbols
are assigned to the same components as those of the fluores-
cence observation device 100 of the first embodiment, and a
description thereof will be omitted.

In this embodiment, the coefficient a is fixed to 1, and the
coefficient b is updated, as needed.

When a region of interest is extracted by the extraction part
47, and a determination of the region of interest made by the
observer is input through the input section 53, the storage part
55 stores a set of the average gradation value m0 of the region
of interest, the threshold S0, the average gradation value m
and the standard deviation o of the corrected fluorescence
image G3, the coefficients a and b, and the coefficient b0, in
association with that determination result. For example, the
storage part 55 stores these values in the form of the data
shown in FIG. 7.

When a determination of a new region of interest made by
the observer is input, the threshold setting part 45 reads all
previous coefficients b0 that are stored in the storage part 55
in association with that input determination result and
updates the coefficient b as follows.

For example, when a Y determination is input by the
observer, the threshold setting part 45 calculates the average
value AVE_Y(b0) of coefficients b0 that are set at all previous
times the Y determination is input and that are read from the
storage part 55 and updates the coefficient b by using Equa-
tion (7), with respect to the average value AVE_Y(b0).

Specifically, the threshold setting part 45 compares the
value of 0.9xAVE_Y(b0), which is a lower coefficient that is
lower than the calculated average value AVE_Y(b0) of the
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coefficients b0 by a predetermined rate, with the value of the
current coeflicient b and sets the smaller of the values as a new
coefficient b.

MIN(0.9xAVE_Y(50),b) M

In Equation (7), AVE_Y(b0) indicates the average value of
coefficients b0 that are set at previous times the Y determina-
tion is input.

On the other hand, when an N determination is input by the
observer, the threshold setting part 45 calculates the average
value AVE_N(b0) of coefficients b0 that are set at all previous
times the N determination is input and that are read from the
storage part 55 and sets the average value AVE_N(b0) as a
new coefficient b.

Thus, the coefficient b is changed, as shown in FIG. 8.

According to the fluorescence observation device 200 of
this embodiment, a new threshold SO can be set with the
coefficient b, which reflects not only the latest determination
result but also the previous determination results. In this case,
by setting, as a new coefficient b, the smaller of the value
obtained by 0.9xAVE_Y (b0), which is a lower coefficient that
is lower than the average value AVE_Y(b0) of the previous
coefficients b0 stored in the storage part 55 by a predeter-
mined rate, and the value of the current coefficient b, it is
possible to more accurately extract a region with a suspected
lesion.

If the determination made by the extraction part 47 is
wrong, a new threshold S0 is set with the average value
AVE_N(b0) of coefficients b0 that are set at previous times
the wrong determination is made, thereby making it possible
to prevent a fruitless situation in which a region for which
observation is unnecessary is extracted as a region of interest,
thus efficiently extracting a region of interest.

This embodiment can be modified as follows.

For example, as a first modification, in response to an input
determination result, the threshold setting part 45 may calcu-
late a standard deviation SD(b0) of coefficients b0 that are set
at all previous times the Y determination is input and that are
stored in the storage part 55. Then, the threshold setting part
45 may subtract the calculated standard deviation SD(b0) of
the previous coefficients b0 from the average value AVE_Y
(b0) of coefficients b0 that are set at all previous times the’ Y
determination is input and may set, as a new coefficient b, the
smaller of the value of AVE_Y (b0)-SD(b0), which is a lower
coefficient obtained after the subtraction, and the value ofthe
current coefficient b.

By doing so, the coefficient b is updated while taking into
account variations among subjects, temporal variations in the
same subject, and variations in the determination input from
the observer, thus making it possible to set the threshold S0
more appropriately.

For example, when the sensitivity (not to overlook a lesion)
is emphasized, a new threshold SO may be set by MIN
(AVE_Y(b0)-3xSD(b0), b) at the time of the Y determina-
tion. When the specificity (not to extract portions other than a
lesion) is emphasized, a new threshold S0 may be set by
MIN(AVE_Y(b0)-1xSD(b0), b) at the time of theY determi-
nation.

In this way, there is the advantage that the coefficients (in
this modification, a coefficient of 3 and a coefficient of 1) for
SD(b0) are changed as desired, thereby making it possible to
set the threshold SO appropriately for an examination pur-
pose.

As a second modification, the image processing section 40
may include a storing part (not shown) that receives the aver-
age gradation value m0 of a region of interest calculated by
the extraction part 47 and information about a previous deter-
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mination result input through the input section 8 and stores
them in association with each other. The monitor 50 may read,
for each region of interest, information about the previous
determination result associated with the average gradation
value m0 of that region, from the storing part, and display the
information.

By doing so, when the observer determines whether the
determination result made by the extraction part is right or
not, the observer can refer to the previous determination result
displayed on the monitor 50. As a result, the observer can
make an accurate determination.

In the above-described embodiment, although a descrip-
tion has been given of an example case in which the coeffi-
cient a is fixed to 1, the value of the coefficient a can be
changed according to the observation state. In that case, as the
third coefficient, instead of the coefficient b0, a coefficient a0
can be calculated based on Equation (8), thus changing the
value of the coefficient a.

a0=(m0-bxc)/m ®

In Equation (8), a0 indicates a coefficient (third coefficient).

In the above-described embodiment, the value of the coef-
ficient a is fixed, and the value of the coefficient b is updated;
however, by using a similar method, it is also possible to adopt
a configuration in which the value of the coefficient a is
updated, and the value of the coefficient b is fixed, or a
configuration in which both the value of the coefficient a and
the value of the coefficient b are updated. It is also possible to
calculate a standard deviation SD(a0) of coefficients a0 that
are set at all previous times the'Y determination is input and to
set, as a new coefficient a, the smaller of the value of AVE_Y
(a0)-SD(a0), which is a lower coefficient, and the value of the
current coefficient a. The threshold S0 can also be set by using
one of the average gradation value m and the standard devia-
tion o of the entire corrected fluorescence image G3.

Although the embodiments of the present invention have
been described above in detail with reference to the drawings,
the specific configuration is not limited to the embodiments,
and design changes made without departing from the scope of
the present invention are also encompassed. For example, the
present invention is not limited to those applied to the above-
described embodiments and modifications; it may be applied
to an embodiment in which these embodiments and modifi-
cations are appropriately combined and is not particularly
limited.

In the above-described embodiments, although the region
of interest in the corrected fluorescence image G3 is super-
imposed on the white-light image G2 by the image compos-
iting part 49 and is then displayed on the monitor 50, the
corrected fluorescence image G3 and the white-light image
(G2 may be displayed on the monitor 50 side by side. At this
time, the region of interest may be outlined and displayed in
the corrected fluorescence image G3. By doing so, it is pos-
sible to provide the observer with more detailed information
and to allow the observer to make a more accurate determi-
nation, compared with a case in which only the region of
interest extracted based on the threshold S0 is displayed.

In the above-described embodiments, the extraction part
47 may extract two different regions that have gradation val-
ues equal to or larger than the threshold and display the
regions on the monitor 50 by different display methods. For
example, the extraction part 47 may extract a region whose
average gradation value m0 of the region of interest exceeds
the threshold SO and a region whose average gradation value
m0 of the region of interest exceeds 80% of the threshold S0,
for example.
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In the above-described embodiments, although the extrac-
tion part 47 calculates the average gradation value m0 of the
region of interest, the extraction part 47 may calculate another
value. For example, the minimum gradation value in the
region of interest may be calculated, or the maximum grada-
tion value in the region of interest may be calculated.

When there are a plurality of regions of interest extracted
by the extraction part 47 on the same screen, the image
compositing part 49 may generate a superimposed image G4
in which only a region of interest to be subjected to a deter-
mination is displayed in a different way from the other regions
of interest, so that the observer can clearly know for which
region of interest the observer should input a right/wrong
determination. In order to distinguish that region of interest
from the other regions of interest, it is possible to generate a
superimposed image G4 in which only the region of interest
to be subjected to a determination is flashed, and the other
regions of interest are turned on, for example.

Inthis case, it is possible to set a determination order for the
plurality of regions of interest and to flash the display of only
aregion of interest to be subjected to a determination accord-
ing to the set order. In order to prevent a determination from
being redundantly input, a region of interest for which a
determination has already been input can be displayed so as to
show that the determination has been input for the region of
interest; for example, it can be displayed in a different color.

REFERENCE SIGNS LIST

10 light source (illumination section)

20 illumination unit (illumination section)

41 fluorescence-image generation part (fluorescence-image
acquisition part)

42 white-light-image generation part (reference-image
acquisition part)

43 image correction part (corrected-fluorescence-image gen-
eration part)

45 threshold setting part

47 extraction part

50 monitor (display section)

53 input section (right/wrong input section)

55 storage part

100, 200 fluorescence observation device

a coefficient (first coefficient)

b coefficient (first coefficient)

b0 coefficient (third coefficient)

m0 the average of gradation values of an extracted region

S0 threshold (gradation-value threshold)

The invention claimed is:

1. A fluorescence observation device comprising:

a light source configured to radiate excitation light and
reference light onto an object;

a fluorescence capturing sensor configured to capture fluo-
rescence produced in the object irradiated with the exci-
tation light;

a return light capturing sensor configured to capture return
light from the object irradiated with the reference light;
and

a processor comprising hardware, wherein the processor is
configured to:
generate a fluorescence image based on the fluorescence

captured by the fluorescence capturing sensor;
generate a reference image based on the return light

captured by the return light capturing sensor;
generate a corrected fluorescence image by correcting

the fluorescence image with the reference image;
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set a gradation-value threshold based on an average of
gradation values of the entire corrected fluorescence
image, a standard deviation of the gradation values, a
first coefficient related to weighting of the average of
the gradation values of the entire corrected fluores-
cence image, and a second coefficient related to
weighting of the standard deviation of the gradation
values;
determine and extract, as a candidate region of interest,
aregion in the corrected fluorescence image that has a
gradation value larger than the gradation-value
threshold;
control a display to display the candidate region of inter-
est extracted and the reference image in association
with each other; and
receive a result, inputted by an observer, as to whether
the candidate region of interest displayed on the dis-
play is right or wrong, wherein a result of right indi-
cates a determination by the observer that the candi-
date region of interest is a region of interest, and a
result of wrong indicates a determination by the
observer that the candidate region of interest is not a
region of interest,
wherein the processor is configured to set at least one of
the first coefficient and the second coefficient so as to
reflect the result inputted by the observer.
2. The fluorescence observation device according to claim
15
wherein the processor is configured to correct the fluores-
cence image with the reference image by dividing the
fluorescence image by the reference image.
3. The fluorescence observation device according to claim
15
wherein the processor is configured to set one of the first
coefficient and the second coefficient to a fixed value and
maintain or reduce the other of the first coefficient and
the second coefficient in response to receiving the result
of right.
4. The fluorescence observation device according to claim
3 ’
wherein the processor is configured to maintain the other of
the first coefficient and the second coefficient in
response to the gradation value of the candidate region
of interest being larger than an upper gradation-value
threshold that is higher than the gradation-value thresh-
old by a predetermined rate and reduce the other of the
first coefficient and the second coefficient in response to
the gradation value of the candidate region of interest
being lower than the upper gradation-value threshold.
5. The fluorescence observation device according to claim
15
wherein the processor is configured to set one of the first
coefficient and the second coefficient to a fixed value and
to increase the other of the first coefficient and the sec-
ond coefficient in response to receiving the result of
wrong.
6. The fluorescence observation device according to claim
15
wherein the processor is configured to calculate the grada-
tion-value threshold by the following equation:

S0=a xm+bxc

where S0 indicates the gradation-value threshold,
a indicates the first coefficient,
b indicates the second coefficient,
m indicates the average of the gradation values of the entire
corrected fluorescence image, and
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o indicates the standard deviation of the gradation values
of the entire corrected fluorescence image.
7. The fluorescence observation device according to claim
15
5 wherein the processor is configured to:
calculate an average of gradation values of the extracted
region; and
calculate a third coefficient based on the average of the
gradation values of the extracted region;
wherein the fluorescence observation device further com-
prises a storage configured to store, in response to the
candidate region of interest being extracted and receiv-
ing the result inputted by the observer, the result inputted
by the observer and the third coefficient in association
with each other; and
wherein in response to receiving the result of right for a
new candidate region of interest, the processor is con-
figured to set, as a new first coefficient, the smaller of the
current first coefficient and a lower coefficient that is
lower, by a predetermined rate, than an average value of
previous third coefficients stored in the storage in asso-
ciation with the received result.
8. The fluorescence observation device according to claim
15
wherein the processor is configured to:
calculate an average of gradation values of the extracted
region, and
calculate a third coefficient based on the average of the
gradation values of the extracted region;
wherein the fluorescence observation device further com-
prises a storage configured to store, in response to the
candidate region of interest being extracted and receiv-
ing the result of right inputted by the observer, the result
of right and the third coefficient in association with each
other, and
wherein in response to receiving a result of right for a new
candidate region of interest, the processor is configured
to set as a new second coefficient, the smaller of the
current second coefficient and a lower coefficient that is
lower, by a predetermined rate, than an average value of
previous third coefficients stored in the storage in asso-
ciation with the received result.
9. The fluorescence observation device according to claim
15
wherein the processor is configured to:
calculate an average of gradation values of the candidate
region of interest; and
calculate a third coefficient based on the average of the
gradation values of the candidate region of interest,
wherein the fluorescence observation device further com-
prises a storage configured to store, in response to the
candidate region of interest being extracted and receiv-
ing the result inputted by the observer, the result and the
third coefficient in association with each other, and
wherein in response to receiving a result of right indicating
that a new candidate region of interest the processor is
configured to calculate a standard deviation of the pre-
vious third coefficients stored in the storage in associa-
tion with the received result and set, as a new first coef-
ficient, the smaller of the current first coefficient and a
lower coefficient that is obtained by subtracting the cal-
culated standard deviation of the third coefficients from
an average value of the previous third coefficients stored
in the storage.
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10. The fluorescence observation device according to claim
15
wherein the processor is configured to:
calculate an average of gradation values of the extracted
region; and
calculate a third coefficient based on the average of the
gradation values of the extracted region;
wherein the fluorescence observation device further com-
prises a storage configured to store, in response to the
candidate region of interest being extracted and receiv-
ing the result inputted by the observer, the result inputted
by the observer and the third coefficient in association
with each other, and
wherein, in response to receiving a result of right for a new
candidate region of interest, the processor is configured
to calculate a standard deviation of the previous third
coefficients stored in the storage in association with the
received result and set, as a new second coefficient, the
smaller of the current second coefficient and a lower
coefficient that is obtained by subtracting the calculated
standard deviation of the third coefficients from an aver-
age value of the previous third coefficients stored in the
storage.
11. The fluorescence observation device according to claim
7, wherein, in response to receiving the result of wrong, the
processor is configured to set, as a new first coefficient, the
average value of the previous third coefficients stored in the
storage in association with the received result.
12. The fluorescence observation device according to claim
85
wherein, in response to receiving a result of wrong, the
processor is configured to set, as a new second coeffi-
cient, the average value of the previous third coefficients
stored in the storage in association with the received
result.
13. The fluorescence observation device according to claim
7, wherein the processor is configured to calculate the third
coefficient by the following equation:

a0=(m0-bxo)/m

where a0 indicates the third coefficient,
m0 indicates the average of the gradation values of the
extracted region,
b indicates the second coefficient,
o indicates the standard deviation of the gradation values
of' the entire corrected fluorescence image, and
m indicates the average of the gradation values of the entire
corrected fluorescence image.
14. The fluorescence observation device according to claim
8, wherein the processor is configured to calculate the third
coefficient by the following equation:

bO=(m0-axm)/c

where b0 indicates the third coefficient,

m0 indicates the average of the gradation values of the
extracted region,

a indicates the first coefficient,

m indicates the average of the gradation values of the entire
corrected fluorescence image, and

o indicates the standard deviation of the gradation values
of the entire corrected fluorescence image.

15. The fluorescence observation device according to claim

15

wherein the processor is configured to control the display

the candidate region of interest and the reference image
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in association with each other by displaying the candi-
date region of interest and the reference image in a
superimposed manner.
16. The fluorescence observation device according to claim
51,
wherein the processor is configured to extract, as the can-
didate region of interest, a region whose pixel count is
larger than a pixel count threshold among regions that
have gradation values exceeding the gradation-value
threshold.
17. The fluorescence observation device according to claim
1, further comprising a storage configured to store the grada-
tion value of the candidate region of interest and information
about a previous determination result, in association with
each other,
wherein the processor is configured to:
read, for each candidate region of interest, the informa-
tion about the previous determination result associ-
ated with the gradation value of that candidate region
of interest from the storage; and
display the information.
18. The fluorescence observation device according to claim
95
wherein, in response to receiving the result of wrong, the
processor is configured to set, as a new first coefficient,
the average value of the previous third coefficients
stored in the storage in association with the received
result.
19. The fluorescence observation device according to claim
10,
wherein, in response to receiving the result of wrong, the
processor is configured to set, as a new second coeffi-
cient, the average value of the previous third coefficients
stored in the storage in association with the received
result.
20. The fluorescence observation device according to claim
9, wherein the processor is configured to calculate the third
coefficient by the following equation:
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where a0 indicates the third coefficient,
m0 indicates the average of the gradation values of the
extracted region,
b indicates the second coefficient,
o indicates the standard deviation of the gradation values
of the entire corrected fluorescence image, and
m indicates the average of the gradation values of the entire
corrected fluorescence image.
21. The fluorescence observation device according to claim
11, wherein the processor is configued to calculate the third
coefficient by the following equation:
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a0=(m0-bxo)/m

55 where a0 indicates the third coefficient,
m0 indicates the average of the gradation values of the
extracted region,
b indicates the second coefficient,
o indicates the standard deviation of the gradation values
of the entire corrected fluorescence image, and
m indicates the average of the gradation values of the entire
corrected fluorescence image.
22. The fluorescence observation device according to claim
10, wherein the processor is configured to calculate the third
coefficient by the following equation:

60

bO=(m0-axm)/o
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where b0 indicates the third coefficient,
m0 indicates the average of the gradation values of the
extracted region,
a indicates the first coefficient,
m indicates the average of the gradation values of the entire
corrected fluorescence image, and
o indicates the standard deviation of the gradation values
of the entire corrected fluorescence image.
23. The fluorescence observation device according to claim
12, wherein the processor is configured to calculate the third
coefficient by the following equation:

bO=(m0-axm)/c

where b0 indicates the third coefficient,

m0 indicates the average of the gradation values of the
extracted region,

a indicates the first coefficient,

m indicates the average of the gradation values of the entire
corrected fluorescence image, and

o indicates the standard deviation of the gradation values
of the entire corrected fluorescence image.
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